The objective of this study was to determine the effects of various concentrations of water extracts prepared from the fresh or dry mass of lemon balm on the feeding of Colorado potato beetle larvae in L2 and L4 stages. The extracts from the dry matter were prepared at the concentrations of 2%, 5% and 10% and from the fresh matter at the concentrations of 10%, 20% and 30%. The feeding intensity assessment was conducted by dipping leaves of potato in respective solutions of the extracts and determining the mass of food consumed by larvae, as well as the changes of larvae body weight. In the studies on the olfactory reaction of adult insects, a glass "Y-tube" olfactometer was used. The feeding by L4 larvae of Colorado potato beetle was effectively limited by the extract prepared from the dry matter of lemon balm with 10% concentration. The larvae at L2 stage turned out to be more susceptible to the effects of extracts -the extracts in almost all used concentrations limited the feeding of the studied pest. The body weight gain in L2 and L4 larvae of Colorado potato beetle were effectively limited by the extracts prepared from the dry plants of lemon balm in as low concentration as 5%. However, the effect of extracts prepared from the fresh matter of lemon balm plants was effective in limiting the body weight gain of L4 larvae at the minimum concentration of 20%, whereas for L4 larvae the effective concentration was 30%. The evident deterrent reaction of odour substances originating from lemon balm plants towards the females of Colorado potato beetle was found. The males did not react to the above-mentioned factor.
INTRODUCTION
Plant extracts and volatile oils are increasingly often applied in the plant protection measures against pests. These substances have a wide spectrum of action and, moreover, they are safe to the natural environment and easy to prepare. They contain defensive compounds which make difficult or impossible for pests to consume the plants. Therefore, numerous attempts are made to limit the chemical pest control agents via the use of products obtained from herb species [Dankowska and Bendowska 2006 , Wawrzyniak 2009, Biniaś and Gospodarek 2017] . The odour of the host plant is a very important factor determining the behaviour and feeding intensity of pests. Therefore, the substances acting as deterrents or preventing the identification of host plant by pest are used increasingly often [Korczyński and Koźmiński 2007] .
Potato (Solanum tuberosum L.) is one of principal cultivated plants in Poland, although in the last decades, a downward trend appeared in both area of cultivation and yields. Nevertheless, it still plays a significant role as a human food source, as well as the animal fodder and a crop rotation species [Kalbarczyk 2004] . Colorado potato beetle (Leptinotarsa decemlineata Say.) is one of the most dangerous pests of potato, causing significant losses in yield. Applying insecticides is one of the main methods of controlling this pest, but adverse effects of using chemicals encourage the search for natural alternatives in the protection of potatoes [Mohammadi et The objective of this study was to determine the effects of various concentrations of water extracts prepared from the fresh or dry matter of lemon balm, upon the feeding of Colorado potato beetle larvae in L2 and L4 stages. Furthermore, the reaction of imago forms to the odour of the above herb was studied by means of an olfactometer.
MATERIAL AND METHODS
The experiment was conducted in a laboratory, in six replicates. Fresh leaves of potato, adults and larvae of Colorado potato beetle used for the analysis at the end of June 2015 were collected.
The extracts from dry matter of Melissa officinalis L. were prepared at the concentration assumed conventionally as 2%, 5% and 10% (dried plants + cold redistilled water in proportions of 2 : 100, 5 : 100 and 10 : 100) and at the concentration of 10%, 20% and 30% for fresh matter (fresh above-ground parts of plants + cold redistilled water in proportions of 10 : 100, 20 : 100 and 30 : 100). The extracts were stored in the dark for the period of 24 hours, and then filtered through filter papers and immediately used for to conduct the experiment. The test was conducted on Petri dishes, and the substrate consisting of moist filter paper. The potato leaves were soaked for 3 seconds in adequate plant extracts and in distilled water used as control, and then dried at room temperature. In each dish, a single leaf of potato, suitable for a specific object was placed and then two larvae L2 stage and separately two larvae L4 stage were introduced.
In order to determine the effect of M. officinalis extracts on Colorado potato beetle, the mass of food consumed by larvae and larvae weight gain were established once daily. In the studies on the olfactory reaction of the above-mentioned insects, a glass "Y-tube" olfactometer was used. It is commonly used for the evaluation of odour preferences in insects [Vet et al. 1983 . "Y-tube" had one inlet tube and two test tubes. The air, cleaned in carbon filter, was forced in by pump and directed to each test tube. Then, the air stream flowed through the source of odour i.e. glass container with either 30 g of fresh matter of lemon balm together with a wet circle of filter paper (to ensure appropriate air humidity) or only wet filter paper (control). An imago of L. decemlineata was placed in the outlet of the inlet tube, and its behaviour observed for 10 minutes, recording the number of incursions into particular test tubes of the olfactometer (with or without the odor derived from lemon balm). The experiment with pest insects was performed in 12 repetitions, separately for males and females.
The obtained results were subjected to analysis with STATISTICA 10.0 software. The significance of differences between the means were tested by univariate analysis of variance, and the means were differentiated by Fisher's LSD test at α = 0.05. The t-test for independent samples was used with respect to the results obtained using the olfactometer (the grouping variable was the presence or absence of the odor of tested plant).
RESULTS AND DISCUSSION
The extract from dry matter at 10% concentration adversely affected the feeding of L4 larvae of Colorado potato beetle, and at all dates of observations the mass of food eaten by larvae on this object was significantly lower than in control (Table 1) . Furthermore, 72 hrs after the inception of the experiment, a significant effect of feeding hampering was noted for 5% dry matter concentration, and 30% fresh matter concentration. In line with the increase in the concentrations of the extracts from fresh and dry matter, their adverse effect increased also with respect to L4 larvae of Colorado potato beetle.
The L2 larvae of Colorado potato beetle were much more susceptible on the effect of lemon balm extracts. Almost all applied extracts, both those prepared from the fresh and dry matter, significantly limited the feeding of the studied pest (except the extract from dry matter at 2% concentration). The most disadvantageous effect was noted in the case of the extract prepared from fresh matter with 30% concentration, where -after the observation -the mass of food eaten by L2 larvae was 60 mg lesser than that in the control experiment.
The Colorado beetle larvae at L4 stage, feeding in the objects employing the extracts from fresh and dry matter at two highest concentrations, showed, as early as after 24 hrs from the inception of experiment, significantly lower body weight gain than the larvae feeding in the control experiment ( Table 2 ). The extracts prepared from dry matter at 2% concentration, and from the fresh matter at 10% concentration, proved to be ineffective in limiting the body weight gain in L4 larvae. The extracts prepared from dry matter at 5% and 10% concentrations, as well as those prepared from the fresh matter at 30% concentration, limited the body weight gain in L2 larvae of Colorado potato beetle. However, it was noted that 72 hrs after the inception of experiment, all the applied extracts, both these prepared from the fresh and dry matter of lemon balm ,had contributed to the decreases in the body weight gain in the L2 larvae of the studied pest.
Few studies on the effects of water extracts from lemon balm upon the feeding of Colorado potato beetle and other pest of cultivated plants have been performed to date. Only Hiiesaar et al. [2000] demonstrated that the water extract of this plant resulted in more than fifteen-fold lower number of eggs laid by the females of Trialeurodes vaporariorum, and -owing to that -it can be potentially used to protect glasshouse plants against this pest. Our earlier studies showed that the extracts obtained from other herb plants could effectively limit the feeding by Colorado potato beetles. The extracts prepared from dry matter of wormwood (Artemisia absinthium L.) at 10% concentration, and from fresh matter with 30% concentration result in more than threefold decrease in the amount of food eaten by L2 larvae of Colorado potato beetle, and limit their body weight gain [Rusin et al. 2015] . In the presented experiment, the effect of lemon balm was stronger; even lower concentrations of the applied extracts limited the feeding of the studied pests. In the study by Biniaś et al. [2016 b ], all applied extracts prepared from the dry and fresh matter of sage (Salvia officinalis L.) contributed to the decreases in mass of food eaten by L4 larvae. In our experiment, such an effect was noted only in the case of the highest concentration of the extract from dry matter of lemon balm. Furthermore, the limiting effect on the feeding by Colorado potato beetles were noted in the cases of water extracts from St. Many authors emphasise the fact that olfactory stimuli can play a significant role in limiting the feeding activities of pests [Koschier et al. 2002 , Koschier and Sedy 2003 , Katerinopoulos et al. 2005 ]. In our experiment, an evident nega- tive reaction to the odour substances originating from the fresh matter of lemon balm was noted among the females of Colorado potato beetle (t=2.26, P=0.041) ( Table 3 ). The control tube was selected by the pest almost three times as often than the tube of the olfactometer where the odour of lemon balm was introduced. The males of L. decemlineata also visited the the control tube more often than that where the odour of lemon balm was pumped; however, in this case, the differences had not been proven statistically 
CONCLUSIONS
1. The feeding by L4 larvae of Colorado potato beetle was effectively limited by the extract prepared from dry matter of lemon balm at 10% concentration. The larvae at L2 stage turned out to be more susceptible to the effects of extracts -the extracts in almost all used concentrations limited the feeding by the studied pest.
2. The body weight gain in L2 and L4 larvae of Colorado potato beetle were effectively limited by the extracts prepared from the dry plants of lemon balm in as low concentration as 5%. However, the effect of the extracts prepared from the fresh matter of lemon balm plants was effective in limiting the body weight gain of L4 larvae at the minimum concentration of 20%, whereas for L2 larvae the effective concentration was 30%.
3. The evident deterrent reaction of odour substances originating from lemon balm plants towards the females of Colorado potato bee- * Differences significant at α = 0.05, in other cases differences were not proven statistically. tle was found, which suggests the possibility of using that plant as a neighbouring crop in mixed cultivation or as e.g. as a component of edge strips. The males of L. decemlineata did not react to the above-mentioned factor.
